The apprenticeship system is the most important source of formal post-secondary training in Germany. Using German register data -the IAB Employment Sample -we find that apprentices staying with their training firm after graduation have longer first-job durations but not higher wages than apprentices leaving the training firm. Retention rates, first job durations, and post-apprenticeship wages are all increasing functions of training intensity. Some implications for the ongoing debate as to why firms are willing to invest in general training are discussed.
Introduction
In international comparisons on education, vocational training, and labor market performance, Germany shows a high involvement of firms in the education and training of the young by means of a well-developed apprenticeship system with several hundreds of accredited training programs. This fact is often interpreted as a positive characteristic of the German education and labor market system, as it may contribute to low youth unemployment rates and high general skill levels of the workforce.
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A particular feature of German apprenticeship training (AT) is that it mainly provides general training and thus portable skills. In addition, there is empirical evidence that firms make substantial net investments into AT (e.g., von Bardeleben et al., 1995) . The existence of (partially) firm-financed apprenticeship training is not easily reconcilable with standard human capital theory under perfectly competitive labor markets according to which profit maximizing firms should not pay for general training but rather free-ride on the investment of others. Most explanations in the literature introduce some sort of market imperfection which allow training firms to recoup the costs of the training by extracting rents from the graduated apprentices who stay with the training firm. Such explanations are based on asymmetric information on the ability of apprentices (Acemoglu and Pischke, 1998) , high mobility costs and low general labor turnover in the German labor market (Harhoff and Kane, 1997) , or compressed wage structures Pischke, 1999a, 1999b) . In these models firms are able to pay post-apprenticeship wages below marginal productivity and thus earn a return on their investment.
Concurrently, a number of empirical studies have investigated various aspects of AT. Two recent papers use firm level data to estimate the firms' demand functions for apprentices (Dietrich, 2000, Fougère and Schwerdt, 2001 ). Other papers have used individual level survey data to establish the wage returns to apprenticeship training (Winkelmann, 1996b) , the effect of post-apprenticeship mobility on wages and wage growth (Werwatz, 1996 , Winkelmann, 1996a , Dustmann et al., 1997 , Clark, 2001 , Bougheas and Georgellis, 2001 ), the wage effects of moves out of the training occupation (Werwatz, 1997 , Clark, 2000 , and the incidence of unemployment and non-employment spells during the transition from apprenticeship to regular employment (Winkelmann, 1996a , Franz et al. 2000 , Franz and Zimmermann, 2000 , Riphahn, 2002 .
Despite the substantial size of the literature, few "stylized" facts have emerged. One of the recurrent findings is that about 70 percent of apprentices stay with their training firm initially after graduation, whereas the fraction of those staying for five years or longer is about one-third. Also, retention rates tend to be higher in larger firms than in smaller firms. More often than not, the empirical evidence is inconclusive or even contradictory.
For instance, there are no robust results available so far, whether jobs are more stable and wages higher for those AT graduates staying in the training firm than for those moving on to another firm. And yet, this type of evidence is crucial for understanding the nature of the AT, including the firms' motivation to contribute to it.
We argue in this paper that the lack of solid evidence is in part due to shortcomings of the data sources used in the previous literature, and we set out to address this deficit by using a more appropriate dataset that has become recently available. The problem with previous data sets, such as the German Socio Economic Panel (GSOEP) or the German Qualification and Career survey (Q&C survey), is that in order to understand the effect of AT on the trainees' skills and labor market choices, it is most instructive to study the period immediately following the apprenticeship, when the external labor market comes to its fullest force and before a host of other influences has obscured these initial relationships.
In the GSOEP, apprentices can be observed during their transition to employment in principle. However, the number of observed transitions is relatively small. The Q&C survey, by contrast, is large, with 20-30 thousand observations. However, people in the survey completed their apprenticeship training on average almost 20 years before the survey date.
While some retrospective information is available, in particular on the transition pattern, its reliability is doubtful. Moreover, immediate post-apprenticeship wages are not collected at all. Finally, it is unclear whether the experiences of AT graduates of some twenty or thirty years ago have any close relation to the experiences of current and future cohorts of labor market entrants.
In our study, we overcome these difficulties by using official German social security register data. We have access to the IAB Employment Sample, a one percent sample of the complete employment histories of all workers subject to social security contributions at least once between 1975 and 1995. Even after restricting the sample to the part of the male cohort born between 1960 and 1965 who completed apprenticeship training, we retain 16,281 observations. The official register data provide accurate records on wages paid, as well as on job durations (with daily accuracy). The dataset offers a unique opportunity to provide more reliable empirical evidence on several of the key issues discussed in the 3 literature.
A second contribution of our paper is that we are able to analyze an additional aspect of apprenticeship training that has been neglected hitherto, namely the question of how variation in training intensity affects the first labor market outcomes of AT graduates. We are able to derive two new indicators of training intensity from the data, and we study how training intensity affects retention rates, post-apprenticeship wages, and first-job durations.
The Importance of Training Heterogeneity
Previous commentators have pointed out that the coexistence of "low-quality" and "highquality" apprenticeship is a central feature of the German apprenticeship system (e.g., Steedman, 1993) . This coexistence can explain why AT attracts school leavers with university entrance qualification headed for skilled jobs as well as less educated youths headed for semi-skilled employment. The breadth of AT may also increase adaptability of the system to structural changes in the labor market.
Failure to properly control for this quality component -the intensity of training and the amount of the firm's investment -affects the interpretation of previous empirical results in this area. The basic mechanisms we have in mind are as follows. First, firms providing more intensive training have a larger incentive to retain their apprentices. Conversely, firms which, for instance for technological reasons, find it optimal to heavily invest in their apprentices have a larger disincentive to train beyond their own expected needs for skilled worker recruitment than firms with a lower investment. They take on relatively fewer apprentices and offer skilled workers contracts to a higher proportion, if not to all, of them.
Thus, immediate retention rates should be an increasing function of training intensity.
Second, post-apprenticeship wages should be an increasing function of training intensity as well. This is simply due to the fact that wages are linked to marginal productivity if workers can potentially move to other firms. Wages may not increase one-to-one with marginal productivity if part of the training is firm-specific, or if information problems or mobility barriers reduce the value of the outside option. Still, a positive association is to be expected. An immediate consequence is that mover-stayer post-AT wage differentials are underestimated in models that ignore training intensity, because movers tend to be trained less intensively.
Third, the link between training intensity and the duration of the first job is likely positive as well. High-investment training firms have a larger incentive to offer a wage schedule that reduces turnover than low-investment firms. Although the initial investment cost are sunk at this stage, both training firm and outside firm are likely to engage in continuing on-the-job training, the amount of which typically is higher for more skilled workers, in this case apprentice graduates with high training intensity.
From the above, it is clear that training intensity is an important variable when analysing
AT. Yet, training intensity is difficult to measure. The variables used in past research, most importantly occupation and firm size, do capture some aspects of training intensity.
Unfortunately, their interpretation is difficult. First, while training intensity typically varies from occupation to occupation, so do a number of other things that affect labor market outcomes of graduates as well, such as skilled worker demand. This is even more so for firm size. Larger firms tend to have a larger training intensity, but they also have a larger internal labor market, which facilitates higher retention rates. The two effects complement each other.
We propose here two alternative indicators for training intensity, both of them constructed from the IAB data, that we find potentially superior. The first indicator is the wage paid during the apprenticeship training, twelve month after the beginning of training.
It is known that the AT-programs with the most demanding training component also pay high wages. A reason may be that higher paying firms are able to attract more able apprentices, which is more relevant under high training intensity, assuming that ability and training are complements in the production of skills. In addition, there is a complementarity between training and capital intensity. Technologically more advanced firms have an incentive to pay higher training wages. Finally, training wages have a direct positive impact on the firms' training investment because of the cost and regardless of training intensity.
A second indicator is the duration of the apprenticeship. We classify apprenticeships as "short", "medium" or "long", depending on whether the duration up to December 31 of the year prior to graduation was less than 2 years, 2-3 years, or longer than 3 years. The AT duration is an indicator of the firms' investment as national regulations of training content and intensity prevent firms from prolonging apprenticeships beyond what is necessary from a training point of view.
The IAB Employment Data
The data for this study are drawn from the IAB Employment Sample 1975-1995, which is a one percent sample of employment histories of all workers in former West Germany with at least one recorded spell during the 21-year period (see Bender, Haas and Klose, 2000) . The selected subsample includes observations on 16,281 male apprentices born between 1960 and 1965. 1 .
As the data come from official registers, accuracy is an important advantage. By law all employers are required to report information on their workforce to the German Social Security Administration, who administers the health insurance, statutory pension, and unemployment insurance. The population includes all workers and salaried employees, as long as they are not exempt from paying social security contributions. Exempt are civil servants, family workers (without pay), and those in marginal employment (this exemption was removed in 1999). Remarkably, and for the purpose of our study of great importance, the data also include apprentices who, regardless of their wages, are treated as regular employees by the social security system. All in all, the employee register covered nearly 80 percent of all employed persons in West Germany in 1995.
The data set has an event-history format that differs substantially from usual survey data such as the GSOEP or the Q&C survey. It is organized in terms of spells between "notifiable" events. Notifiable events include the start and termination of employment at a certain employer, and an obligatory end-of-year notification for continuing employment relations. Thus the maximum duration between two notifications is 365 days. Apart from 1 Since the data start in 1975 and end in 1995, we observe the labor market histories for this cohort from the age of 15 to the age of 30-35, which means that we observe all AT spells from the beginning. Moreover, the length of the observed post-apprenticeship labor market history is sufficient to measure the first employment spell without excessive right-censoring. See Bender and Dietrich, 1994 , for details on identification of apprenticeship spells in the IAB data notifications by employers, records from the social security administration are used to fill in information on unemployment spells, if any, and type of termination. Gaps in a worker's history indicate any period during which a worker either took up exempt employment or left the labor force.
Each spell-record provides information on the starting and end dates (in days), a personal identifier and an establishment number. Further variables include individual and family characteristics such as gender, year of birth, nationality, marital status, and highest qualification. In addition, each spell-record includes an occupational code, gross earnings 2 , an industry code and the size of the establishment (number of workers).
The rules underlying the generation of this dataset imply that it is not possible in all cases to properly identify the day and month of apprenticeship completion. 3 Formally, apprentices can be in one of three states on the day following graduation: they continue working in the training firm, they immediately switch to a new employer, or they stop being employed. From the viewpoint of the IAB data, the second and third options imply termination of employment at the training firm. In these cases, a notification is given by the training firm, and the exact termination date of the apprenticeship is known. If the apprentice is retained as a regular employee, no notification is made. In this case, the mandatory end-of-year-notification by the training firm, now employer, reveals two status changes: the notified occupational status changes from "apprentice" to "skilled worker" and the educational level changes from "without vocational qualification" to "with vocational qualification". Only the year of graduation is known for these workers. We adopt the following two definitions:
Stayer A stayer is an apprentice whose first job after apprenticeship is in the training firm.
Mover A mover is an apprentice whose first job after apprenticeship is in a firm other than the training firm.
This definition allows for a non-employment gap between apprenticeship and first job for 2 Earnings are top coded but the censoring threshold is not reached for any of the observed apprenticeshipor first post-apprenticeship wages 3 The final certification process is frequently completed in early summer but many exceptions exist.
7 both movers and stayers. This is important, since many young men are drafted into the army (for 15 months) following their training. If such a person returns to the same firm after the military, he is classified as a stayer. Similarly, for men who are drafted while in their first job, the first job duration is calculated as the sum of the employment durations before and after the military related leave of absence.
In slight abuse of language, we often use the term "firm" when the data really identify only establishments. This is a certain weakness, as one cannot distinguish workers moving within a multi-establishment firm from those moving between such firms. Both types of move lead to a change of establishment number. This aspect may tend to overstate the post-apprenticeship mobility somewhat, in particular for sectors and occupations where multi-establishment firms are prevalent. Table 1 shows the mean values for selected variables, both overall and by birth cohort.
Empirical Results
Observations are almost equally distributed over the six cohorts. The average apprentice is 17 years old when he starts to train, with an upward trend. The proportion of trainees with Abitur increased steadily from 3 percent for the 1960 cohort to 6 percent for the 1965 cohort. Both the increased starting age and the increased proportion of apprentices with Abitur result from the secular trend towards higher schooling. In response to this trend, new apprenticeship programs were developed and existing ones modified in order to cater for the more educated as well.
---TABLE 1 ----
The Table shows that very few apprentices are married. Only 2 to 3 percent are foreigners, substantially less than the overall proportion of non-Germans in the labor force (around 10 percent). This underrepresentation indicates that foreigners are less likely to start an apprenticeship than German nationals, even if they are second generation. 
The immediate retention rate
About 71 percent of the graduated apprentices start working in their training firm. They are, following our above definition, stayers. The remaining 29 percent are movers. Table 2 presents estimation results for linear probability models in which the dependent variable is 1 if the apprentice is a stayer and 0 if he is a mover. Three different models were estimated, including successively more explanatory variables. The most basic model in column (1) includes indicator variables for firm size only. The smallest size (1-9 employees) is the reference size. The coefficients confirm the findings in the previous literature based on different datasets. Retention rates are an increasing function of firm size. They increase from 66 percent for the small firms to 75 percent for very large firms with more than 500
employees.
---TABLE 2 ----
The next model in column (2) adds a number of demographic variables as well as controls for training intensity. An F -test clearly confirms the joint significance of the additional variables. However, the demographic variables are individually rather unimportant. We find, as expected, that the effect of training intensity is large and highly significant. A 10 percent increase in the wage received during the apprenticeship increases the retention rate by 2 percentage points. Similarly, the retention rate increases with the duration of the apprenticeship. Incidentally, the magnitude of the duration effect is substantially larger than the firm size effect noted in model (1). We find a 16 percentage point difference in the retention rate between short and long apprenticeships. This effect is relatively robust to the inclusion of year and occupational dummies, which both are highly significant as a group. In other words, there is sufficient variation in training intensity within each of the 48 occupations to identify an intensity effect, and it is found to be large. The firm size effect, by contrast, is quite unstable once further variables are included in the model. In model (3), for instance, there is no longer any significant difference of having been trained in a firm with 10-49 employees or in a firm with 500+ employees.
Duration of the First Job
The second important determinant for a training firm's ability to recoup the costs of training is the duration of the first job. Training firms profit from long first job durations of their trained apprentices not only in the sense that they make use of their skills for a long time, but also in the sense that it keeps recruitment costs low.
There are two studies that have analyzed the duration of the first job after apprenticeship before: Winkelmann (1996a) and Franz and Zimmermann (1999) . Winkelmann, using data from the GSOEP, reports five year retention rates of 30 percent, whereas Franz and Zimmermann, based on a sample from the 1991/2 German Qualification and Career Survey, including both men and women, find retention rates after five years of about 35 percent. In contrast, our estimated five-year retention rate is only 19 percent. A number of possible explanations for the discrepancy between our estimate based on register data and the previous estimates based on survey information come to mind. One is that looking at men only, or at men and women jointly, may make a difference. Second, register data are more accurate almost by definition. For instance, very short job spells at the start of ones career might be "overlooked" in surveys. Second, some of the discrepancy might be explained by definitional differences between establishments (in the register) and firms (in the surveys). In any case, it is clear that there is a large amount of job churning at the beginning of people's careers.
Based on a first job duration analysis for stayers, Franz and Zimmermann (1999) conclude that durations are longer for large firms and firms in the industrial sector. Winkelmann (1996a) compared the first job duration of the movers and stayers and found, somewhat counterintuitively, that movers tend to have longer durations than stayers. We have now the chance to settle this issue with much better quality data, and including controls for training intensity.
In principle, the job duration t is measured on a daily basis, which is precise enough to treat it as a continuous variable. However, for stayers we observe only an upper and a lower bound for the first job duration, and hence the likelihood contribution for stayers is discrete. A parametric duration model is ideal to handle such a mixed discrete-continuous duration problem, and we start from a mixed proportional hazard rate model.
The hazard rate (or instantaneous exit rate) λ(t|x, ε) is defined as the limit of the probability that the spell is completed during the interval t + h given that it has not been completed before time t, for h → 0. Define a vector of individual characteristics x, a conformable parameter vector β, and an unobserved individual heterogeneity term ε and let λ(t|x, ε) = λ 0 (t) exp(x β + ε)
where λ 0 (t), the baseline hazard, is common to all individuals and allows for (non-monotonic) duration dependence. For any hazard function, it holds that the survivor function S(t) is given by
Conditional on ε, the survivor function of the proportional hazard model has a particularly simple form:
Moreover, one obtains the density f (t|x, ε) by differentiation of F (t|x, ε) = 1 − S(t|x, ε) with respect to t:
Thus, one has the basic inputs for maximum likelihood estimation, namely the density for non-censored observations and the survivor function for censored observations. However, to fully specify the model, we need to integrate the likelihood contributions over ε, and to specify parametrically the baseline hazard. First, we assume that u = exp(ε) is gamma distributed independently of x with expectation 1 and variance σ 2 (Lancaster, 1979, Abbring and Van den Berg, 1998) . The closed form of the survivor function conditional on x can be shown to be
with corresponding density
Second, we specify a piecewise constant baseline hazard. In the most general case, we would estimate a different parameter for each day such that λ 0 (t) = λ t , t = 1, 2, . . . , T , where T represents the maximum possible number of days. The integrated hazard is simply
As estimating T parameters would be too demanding, even with our large number of observations, we impose equality restrictions on these parameters on a monthly or yearly basis.
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To tackle the problem of imprecisely measured first job durations for stayers, we proceed as follows. We know that the realized duration t is between a certain observed minimum duration t min and a certain observed maximum duration t max . The probability of such an observation is: In the spirit of the foregoing discussion, we are most interested in finding out, whether movers and stayers have different patterns with regard to their labor mobility and thus job durations, once we control for training intensity and other variables. We stratify the model by allowing for separate baseline hazards for movers and stayers. This approach is more general, and thus potentially more informative, than just allowing a proportional difference in the baseline for movers and stayers, as would be obtained if a dummy were included among the regressors.
---TABLE 3 ---- Table 3 presents the maximum likelihood estimation results, again for three model versions. A first model includes the demographic variables, the training firm size dummies (which equal the first-job firm size for stayers but not necessarily so for movers) and a set of indicator variables for year and occupation. In a second model, the training intensity variables are added, while in a third, we add two further dummy variables capturing whether movers move to a smaller or to a larger firm. This last model specification accounts for the fact that movers frequently, although by no means exclusively, move to larger establishments where job durations tend to be longer. An alternative, almost equivalent, specification would add separate controls for training firm size and first-job firm size.
We start with a remark on the variance of the unobserved heterogeneity term u. Given the substantial standard errors, the null hypothesis of the absence of unobserved heterogeneity is not rejected. This is not an uncommon finding, given that our baseline hazard is specified very flexibly and identification becomes a problem. We still decided to maintain the model with unobserved heterogeneity in order to protect estimates against spurious duration dependence.
Likelihood ratio tests show that model (3) The training intensity variables are highly significant. For instance, a ten percent increase in the apprenticeship wage reduced the hazard of leaving ones first job by three percent. There is also strong evidence for substantial firm size effects, with lower hazards for employees in larger firms. In our specification, this expresses itself for movers in an increased hazard for those who move to a smaller firm and decreased hazard for those who move to a smaller firm (relative to the size of the training firm). Figure 1 shows the stratified baseline hazard for movers and stayers for an otherwise identical representative individual. 5 According to theories based on asymmetric information and learning, the hazard rates should be different especially in the first months as for the stayers some information should be revealed already during the training period. Formal tests on the hazard rates reject the null hypothesis of no difference.
--- Figure 1 ----With the exception of the first quarter, the probability of leaving the first job is indeed larger for movers than for stayers over the first three years. The largest differences occur between month 4 and month 12 after which differences become small. A likely explanation for the initial "excess separation rate" of stayers is an institutional one. Even if employers and apprentices agree to eventually separate, it is not uncommon that a temporary skilledworker contract is offered in order to give apprentices time to search for another job, or to bridge a the temporary gap until the start of military service. In some industries, such temporary retention clauses are even part of collective bargaining agreements. Figure 2 shows how these hazard rates translate into predicted survivor rates. After 1 year the survivor probability of stayers is larger than the survivor probability for movers.
After 5 years the survivor probability of stayers is about 11 percent above the survivor rate of movers. Therefore a stayer trained and employed by a firm of a certain size has a longer first job durations than a mover trained and employed by a firm of the same size.
--- Figure 2 ----However, the differences are not as large as one might expect. One can compare the mover-stayer differential to the effects of variations in other variables. For example, the five year retention rate of stayers with long AT duration exceeds the five year retention rate of stayers with medium AT duration by 10 percent.
Also, one can argue about the correct measurement of first job durations for stayers.
One possibility is to set the clock back to zero once regular employment starts, as in Figures   1 and 2 . The other possibility is to add the time of the apprenticeship to the overall job duration. Clearly, the job termination hazards of stayers would then exceed the hazards of movers at all comparable durations.
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First Wages after Apprenticeship
A particular advantage of our data is that we observe the wages in the first job after the apprenticeship, whereas most other empirical studies on the AT observe the wages many years after the apprenticeship. Wages are measured on a daily basis (including weekends and holidays) in real 1985 DM. For the first wage in the first job we actually have to use the wage of the second notification in the first job, as for stayers the wage of the first notification is a weighted average of the last wage as an apprentice and the first wage in the first job.
Using the wage of the second notification means that some selection is present in the data; some of the graduated apprentices have left the first job by then. This is the case for about 31 and 27 percent of the movers and stayers respectively. Secondly, for some apprentices the wage of the second notification is missing, as they did not receive a wage from their employer for that observational period (mostly due to mandatory military service). This is the case for about 2 percent of movers, and about 4 percent of stayers. Overall, the sample of valid observations is reduced from 16,281 to 11,199.
---TABLE 4 ---- Table 4 The inclusion of the training intensity variables also affects the stayer-mover differential which was insignificant in the first model. With training intensity variables included, there is a significant positive differential for movers, albeit of small magnitude (2.8 log points).
The change confirms our initial conjecture that not controlling for training intensity will tend to lead to a downward bias in the mover-stayer differential (as the mover dummy is negatively correlated with training intensity).
Why do movers command higher wages? 36.5 percent of all movers move to firms larger than their training firm; 29.0 percent of all movers move to firms smaller than their training firm. Thus, the direction of mobility is far from uniform. However, there is a slight dominance of "upward" mobility. Moving to a larger sized firm can be expected to be associated with a wage gain, as moving to a smaller firm leads to a wage loss. This is confirmed by the third column of Table 4 that shows that the premium of "moving up" is a 14.9 log point wage gain, while "moving down" is associated with a 10.7 log point wage loss.
There is no mover stayer wage differential once we consider movers staying in the same size class.
Conclusion
The main goal of our analysis was to study the transition of apprenticeship trainees into their first job. Specifically, we studied the retention rates, the first job durations as well as initial post-apprenticeship wages. We argued that the IAB Employment sample is particularly well suited for this task, due to its accuracy, the long observation period , and the large number of observations. Moreover, we emphasized the importance of controlling for training intensity, and showed that two relevant indicators of training intensity are available in the IAB data.
Using these data, we provided new evidence on two questions on which previous studies using alternative data sources have offered conflicting evidence. The first question was whether apprentices who are retained in the training firm receive higher or lower wages than apprentices who move to a new employer. Our finding is that there is no systematic wage differential between movers and stayers, once we control for training intensity and firm size. The second question was the relationship between apprenticeship training and the duration in the first job.
We find that retained graduated apprentices stay longer in their first job than apprenticeship graduates recruited by another firm. The difference, while statistically significant, may however be small in economic terms. Taken together, small differences in wages and rather similar first job durations for movers and stayers tend to suggest that the ability of firms to extract rents from their trainees may be limited. What we cannot exclude, however, is that a generally compressed wage structure has some beneficial effects for training firms.
On the basis of the large mobility directly after graduation and the rather small differences in the first-job durations and wages we conclude that the knowledge obtained during apprenticeship training is quite transferable. This certainly is a benefit and strength of a system that provides post-secondary education for almost two thirds of youth in Germany. Table 2 : Linear probability estimates for stayer (y = 1) / mover (y = 0) model. Heteroskedasticity consistent standard errors in parentheses (N = 16281).
(1) Table 3 : Results for proportional hazard model for first job duration (for baseline hazard and survivor rates of movers and stayers, see figures 1 and 2). Other exogenous variables include dummy variables for year and occupation (N =16281).
(1) (2) Table 4 : Linear regression for the logarithm of wages in the first job. Robust standard errors in parentheses. Other exogenous variables include dummy variables for year and occupation (N =11199).
